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Purpose: This study evaluated the efficacy of neodymium: yttrinm-aluminum-garnet las r 
welding of flaps in canine arteries and in securing the distal flap during human carotid 
endarterectomy. 
21~ethods: Endarterectomy flaps were created in both common carotid and both common 
femoral arteries in 12 dogs. The flaps were repaired with either the neodymium:yttrium- 
aluminum-garnet laser or with 6-0 polypropylene sutures. The arteries were removed after 
duplex scanning at either 7 or 28 days. Eighteen high carotid endarterectomy flaps in 16 
patients have been subsequently secured with the laser welding technique. 
Results: Laser repairs (125 -+ 19 joule) of the canine arteries were completed more quickly 
than suture repairs (mean 25 seconds vs 135 seconds, respectively; p < 0.04). Duplex 
ultrasonography revealed no discernable differences between the two groups of arteries. 
Arteries studied at 7 days revealed three microscopic flaps (two suture, one laser), more 
subintimal fibroblastic proliferation i  suture than laser-repaired carotid arteries (3:1, 
p = 0.0530), and similar amounts of inflammation i suture- and laser-repaired arteries. 
Arteries tudied at 28 days revealed one microscopic ntimal flap (suture-repaired); equal 
fibroblastic and inflammatory esponses in suture- and laser-repaired vessels; and no 
evidence of laser thermal injury. Eighteen carotid endarterectomy flaps have been 
successfully fused with no immediate or long-term complications in 16 patients (follow-up 
of 0 to 24 months). 
Conclusion: Laser fusion appears to be a safe and effective method for securing distal 
carotid endarterectomy flaps. (J VASC SURG 1995;22:32-6.) 
Atherosclerotic plaques have been ablated by 
intraluminal laser techniques (laser angioplasty and 
laser-assisted balloon angioplasty) and by open "laser 
endarterectomy. "~,2 Laboratory and clinical studies 
with direct ("free-beam") argon ion radiation have 
shown that laser endarterectomy can be effectively 
performed.l-4 Several authors have noted that endar- 
terectomy endpoints were secure after performing 
carotid, aortoiliac, and lower extremity artery argon 
ion laser endarterectomies. 3s Welding of the endar- 
terectomy endpoints with the argon laser resulted in 
smoothly tapered distal endpoints with no intimal 
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flaps. In the same experimental studies, conventional 
endarterectomy techniques were associated with per- 
sistent intimal flaps in 25%) 
The contact neodymium :yttrium-aluminum-gar- 
net (Nd: YAG) laser offers the same advantages a the 
conventional or "free-beam" lasers, yet it also adds 
procedural versatility and simplicity. The contact 
Nd:YAG laser, through its handpiece, offers more 
control via direct tactile feedback and allows easier 
application in areas of difficult anatomic exposure as 
compared with "free-beam" lasers. The depth of ther- 
mal penetration is easily controlled by tactile feedback 
from the contact tip and from visual feedback, such as 
tissue blanching and charring. Also the power density 
does not vary with the distance or angle of incidence 
as with conventional lasers. 
The purpose of this report is to compare the 
technique of suturing to that of Nd:YAG contact 
laser fusion of canine arterial intimal flaps. The early 
results of Nd:YAG laser fusion of the cephalad 
endarterectomy flap in 18 carotid arteries in 16 
patients are reported. 
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MATERIAL AND METHODS 
The laser used in this study was an Nd:YAG laser 
with a wavelength of 1064 nm manufactured bySur- 
gical Laser Technologies, Inc. (Malvern, Pa.). The 
TCRH-7 fiber with a handpiece and the GRP-6 
frosted sapphire tip were used to transmit the laser 
energy. 
Canine experiments 
Twelve dogs were initially anesthetized with so- 
dium pentobarbital. They were subsequently intu- 
bated and mechanically ventilated with forane and 
oxygen. The necks and groins were sterilely prepared 
and draped. Both carotid arteries were exposed 
through amidline neck incision. The common fem- 
oral arteries were exposed through bilateral groin 
incisions. 
Each dog received a bolus of intravenous heparin 
(100 units/kg body weight) immediately before 
clamping the vessels. Twelve-millimeter longitudinal 
arteriotomies were placed in the femoral arteries and 
in the carotid arteries. A transverse posterior incision 
was made in the open artery, and a Penfield issector 
was used to separate the intima and a portion of the 
media, creating 3 mm distally based flaps. 
Two to three interrupted 7-0 polypropylene 
sutures were used to repair the left-sided common 
carotid artery and common femoral artery flaps in 
each dog. The Nd:YAG laser, with a 5 W continuous 
power setting, was used to fuse the flaps of the 
right-sided common carotid and common femoral 
arteries of each dog. The time required for each type 
of flap repair was recorded. All arteriotomies were 
irrigated with heparinized saline solution (200 u 
heparin/100 cc) and closed with running 6-0 poly- 
propylene sutures. The neck and groin incisions were 
closed in layers with nmning 3-0 absorbable suture. 
The incisions were dressed. All dogs received 80 mg 
aspirin on the first postoperative day and daily until 
the time of artery excision. 
At the chosen interval after the operation (7 days 
or 28 days) each artery was subjected to duplex 
scanning to evaluate patency, the presence of 
stenoses, aneurysms, intimal flaps, or turbulent flow. 
The arteries were then ligated, excised, and prepared 
for histologic study. Arterial segments were pre- 
served in formalin and subsequently stained with 
hematoxylin and eosin. 
A third group of arteries was used to evaluate the 
immediate ffects of laser welding. Eight arteries in 
two dogs were subjected to laser welding of the 
prepared "endarterectomy" flaps. Two minutes after 
blood flow was reestablished, the arteries were 
excised and subjected to histologic evaluation. 
Histologic evaluation of each excised segment 
included an evaluation of the extent of the subintimal 
proliferative response, the amount of scar, the 
presence of subintimal pigment or hemorrhage, the 
presence of microscopic flaps, and the extent and type 
of inflammation. Each of these parameters was rated 
on a scale of 0 to 3 (none to extensive) by a 
pathologist blinded to the treatment group. 
Animal care complied with the "Principles of 
Laboratory Animal Care" formulated by the National 
Society for Median Research and the Guide for the 
Care and Use ofLaboratory Animals (NIH Publication 
No. 80-23, revised 1985). Animal care was provided 
by the Department of Laboratory Medicine. 
Human experience 
Since completion Of the animal studies, we have 
encountered 16 patients whose 18 carotid endarter- 
ectomies resulted in loose, rough, irregular distal 
endarterectomy endpoints. It was believed that 
suture control of the endarterectomy flaps would be 
difficult or would leave a more thickened endpoint 
than was desired. The contact Nd:YAG laser was 
used to fuse the distal flaps. The laser was set at 5 W 
continuous power, and the sapphire tip (contact 
welding) was used. Fusion of the flap was judged 
complete when it appeared to be sealed visually with 
2.5 magnification and when it could not be elevated 
by a jet of saline solution irrigation. Completion 
arteriograms were obtained in all patients. Twelve 
patients (13 arteries) have had clinical evaluation and 
have been examined with duplex scanning 1 to 24 
months (mean 7.3 months) after operation. 
Statistical evaluation of data was performed by 
the Wilcoxon signed rank test. 
RESULTS 
The repairs of the canine endarterectomy flaps 
with the Nd:YAG laser equired much less time than 
the suture-repair of intimal flaps (25 seconds vs 135 
seconds, respectively;p < 0.04). The mean (_+ SEM) 
energy used to fuse the flaps was 125 _+ 19 joule. 
Duplex scanning immediately before artery exci- 
sion revealed no differences between the two types of 
repairs in either the common carotid or common 
femoral arteries. All arteries were patent without 
stenosis, intimal flaps, or turbulence. 
Histologic evaluation of the arteries removed 7
days after endarterectomy and repair revealed two 
microscopic flaps in the suture-repaired arteries and 
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Fig. 1. Results of histologic evaluation. Each parameter was rated by blinded pathologist on 
scale of 0 to 3 (none to extensive). 
one in the laser-repaired arteries. The suture-repaired 
carotid artery endarterectomy flaps had three times 
more subintimal fibroblastic proliferation than the 
laser-repaired carotid artery intimal flaps (p = 
0.0530) (Fig. 1). This difference in subintimal 
fibroblastic proliferation was less pronounced in the 
femoral artery repairs (p = 0.13). The amounts of 
scarring, type and amount of inflammation, subinti- 
mal hemorrhage, and pigment (hemosiderin) depo- 
sition were minimal and similar for the two types of 
repair in carotid and femoral arteries. 
Histologic evaluation of the arteries removed 28 
days after endarterectomy and repair revealed one 
microscopic flap in a suture-repaired vessel and no 
flaps in the laser-repaired vessels. The amounts of 
subintimal fibroblastic proliferation, scarring, inflam- 
mation, subintimal hemorrhage, and pigment depo- 
sition were similar for the laser- and the suture- 
repaired flaps. 
Histologic studies of the eight laser-repaired flaps 
excised 2minutes after estoration offlow revealed no 
microscopic flaps. There was no evidence of carbon- 
aceous deposition i  the area of flap repair. There was 
evidence of intimal thermal injury but no evidence of 
thermal injury in the media or the adventitia. There 
were no microscopic or macroscopic perforations. 
Fusion of the 18 carotid residual endarterectomy 
flaps in 16 patients took 3 to 6 seconds (15 to 30 
joule). The completion intraoperative arteriogram 
was normal in each of the 18 arteries welded with the 
Nd:YAG laser. With our standard indication for 
patching (internal carotid artery < 3 mm), 13 of the 
18 arteriotomies were closed with a polytetrafluoro- 
ethylene patch. There were no perioperative c rebral 
ischemic events. Follow-up ranges to 24 months 
(mean 7.3 months). Thirteen patients have had 
follow-up duplex examinations (1 to 24 months, 
mean 7.3 months). The scans have not demonstrated 
evidence of stenosis or abnormality in the area of 
repair. Two patients died 4 months and 8 months 
after carotid endarterectomy of unrelated isease 
(myocardial infarction and metastatic lung cancer). 
DISCUSSION 
Atherosclerotic plaques were first resected 
with laser energy in 1963 by McGuff et al. 6 Since 
that time, the experimental nd clinical vascular 
applications of laser energy have greatly expanded. 
Lasers have been used for endarterectomy, 1,3,6 ar- 
terial and venous anastomosis, 7I°arterial repair, 1~~3 
and transluminal ngioplasty and laser-assisted bal- 
loon angioplasty 1417 in animals and for endarter- 
ectomy in human beings. 
Electron microscopy of arterial welds reveals that 
the collagen fibrils lose their periodicity, increase in 
caliber, and split into fine fibrillary substructures. 
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These fibrils, although remaining individually recog- 
nizable, are not separated as in controls, but closely 
interdigitated with one another. This interdigitation 
of collagen fibrils appears to be the structural basis of 
the laser weld. is Application of lasers to arteries has 
not been shown to accelerate atherosclerotic progres- 
sion at the laser site.19 
In experimental studies of a rabbit model of 
atherosclerosis, Eugene et al.1 noted that use of the 
free-beam argon laser provided an endarterectomy 
surface free of debris with secure ndpoints. Subse- 
quent endarterectomy studies performed on rabbits 
revealed that free-beam Nd:YAG and CO 2 lasers 
produced a greater number of perforations and less 
secure ndpoints when compared to endarterectomy 
with argon laser. 2 
The same investigators evaluated free-beam argon 
laser energy in a clinical trial of endarterectomy. 3,4 
With this technique, atheromatous plaques were 
successfully removed from 24 aortic, iliac, superficial 
femoral, deep femoral, popliteal, and posterior tibial 
arteries. All patients had relief of symptoms, and no 
perforations were noted. Ankle-brachial indexes in- 
creased from a mean preoperative alue of 0.53 to a 
postoperative alue of 0.97. The 1-year patency rate 
was 88%. The long-term follow-up of these patients, 
combined with the results of additional clinical trials, 
will help further define the role of lasers in arterial 
endarterectomies. 
At present, the laser is most commonly used as 
laser-assisted balloon angioplasty. The limitations of 
the laser in recanalizing obstructed vessels have re- 
cently been nicely described by Ahn. 2° 
The Nd:YAG laser used in this study emits light 
in the near infrared region of the electromagnetic 
spectrum at 1064 nm. In the contact Nd:YAG laser 
system, the laser energy is transmitted through a 
fiberoptic able to a sapphire tip, which is heated by 
this energy. The heated tip, 0.6 mm in diameter, is
used to precisely vaporize the free portion of the flaps 
and fuse the remaining edge of the endarterectomy 
flap to the artery. The fused edge remains as a smooth 
surface. Potential advantages of this type of delivery 
system include a focused, even distribution of laser 
energy and the absence of beam dispersion9 The 
contact laser produces local thermal damage, which is 
limited by the small tip and the energy applied 
through the tip. Thermal damage is limited by 
applying low energy for short periods to the tissue 
being fused. In our study, the laser power was set at 
5 W. The tip was "stroked" across the endarterec- 
tomy flap for up to 6 seconds, with the use being a 
maximum of 30 joule of laser energy per repair. The 
laser-repaired arteries in this study, and in studies 
reported by others, healed with minimal inflamma- 
tory responses. 19
There is some evidence that contact laser endar- 
terectomies have a higher injury rate (perforation, 
deeper level of injury) and less secure ndpoints than 
do free-beam laser endarterectomies. 6 The histologic 
findings in our study, however, revealed that the 
transition from media to intima was smooth, and 
there were no perforations. Another disadvantage of 
the contact delivery system reported by some inves- 
tigators is the problem of the heated contact ip 
sticking to the treated tissues, thus causing increased 
injury and rough endpoints. 6 We have not found this 
to be a problem. Although we did not evaluate other 
thermal welding systems (e.g., high-frequency ultra- 
sonography, microwave nergy, etc.) they may, with 
modification of their delivery systems, permit precise 
localization of heat and become equally useful in 
securing endarterectomy flaps. 
The duplex scanning, gross anatomic, and histo- 
logic healing characteristics were essentially the same 
for the canine laser-repaired and the suture-repaired 
intimal flaps at both 7 and 28 days. The laser-repaired 
endarterectomy flaps, which were studied 2 minutes 
after flow was restored, revealed evidence of localized 
thermal damage to the intima. However, most 
importantly, the media and adventitia were spared 
from thermal damage. The group of arteries tudied 
7 days after operation revealed one less microscopic 
intimal flap and less subintimal fibroblastic intimal 
proliferation in the laser-repaired group. The only 
histologic differences in the group of arteries tudied 
28 days after operation was the persistence ofone flap 
in a suture-repaired artery; none were present in the 
laser-repaired arteries. 
Focal intimal thermal damage was present in the 
laser-treated canine arteries tudied 2 minutes after 
restoration of flow. Despite this, the healing charac- 
teristics, as determined by duplex scanning, gross, 
and histologic studies are similar, if not slightly 
better, in the canine laser-repaired intimal flap 
arteries at 7 and 28 days when compared with the 
suture-repaired arteries. 
The animal studies indicated that the Nd:YAG 
laser could be used with safety in securing post- 
endarterectomy flaps. Shortly after the completion of 
the animal studies, we operated on a patient whose 
distal carotid endarterectomy proceeded quite high 
and left an irregular flap, which would have been very 
difficult o secure with sutures. The laser was used to 
smooth and seal the flap, converting a difficult 
situation to a safe one. The laser has subsequently 
been used on 15 additional patients. A total of 16 
patients had 18 carotid endarterectomy endpoints 
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that were ragged or demonstrated persistent flaps. 
Three of the 18 arteries also had very distal endpoints 
that, because of the limited anatomic exposure, 
would have been difficult to secure with sutures. The 
laser, in all cases, successfully tapered the ledges and 
fused the endarterectomy flap to the vessel wall. 
Inspection of the laser-repaired arteries revealed a 
smooth transition from the endarterectomy site to 
the undisturbed distal intima. Follow-up of the 16 
patients (ranging from 0 to 24 months) has been 
encouraging. None have experienced transient isch- 
emic attacks, strokes, recurrent stenosis, or occlusion. 
Studies on both human beings and animals have 
documented the efficacy and safety of laser endarter- 
ectomy and endpoint welding.l-4'6 We have not used 
laser energy to perform an endarterectomy. At 
present, available evidence is not sufficient to con- 
clude that use of laser energy to perform the endarter- 
ectomy results in a technically superior result when 
compared to standard techniques. Laser fusion of 
endarterectomy flaps, however, seems to be superior 
to suture repair for several reasons. Laser fusion of the 
endarterectomy flaps in very high carotid artery loca- 
tions is technically much easier than suture repair. 
Laser energy rapidly seals the intima to the media 
producing flaps, which are secure histologically and 
have less subintimal fibroblastic intimal proliferation 
than suture repair. The transition from the endarter- 
ectomy surface to the native intima is smoother and 
thus hemodynamically superior. No foreign material 
is left in the artery, and any tendency for "purse- 
stringing" is avoided. For these reasons, we believe 
that the use of the contact tip Nd:YAG laser for the 
securing of intimal endpoints after carotid endarter- 
ectomy is an important addition to the armamen- 
tarium of the vascular surgeon. After a recent review 
of the literature on applications of laser to clinical 
vascular surgery, Faught and Lawrence 2~ made the 
observation that laser ablation of endarterectomy 
flaps may have independent value from the remainder 
of the procedure. 
Although these results are preliminary and long- 
term follow-up is needed before the routine use of 
this technique, the evidence presented in this report 
indicates that laser fusion is a safe and effective 
method for securing distal carotid endarterectomy 
flaps. It is becoming our preferred method for 
securing the distal flap. This therapeutic modality 
may be similarly effective in other arteries. 
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